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fatigue in rolling or roling-slipping applications. In a
steel part foomed according to the inwention, a fine
nitride and/or carbonilride having at least an average

: gmnofOBpmorlessusdspusedmﬁamtact

amshume.amdhptnsemmd
martensite, which is divided into extremely fine pieces,
formtgadisomeredstme.bymerilndeamlorw-
bonitride, is formed; and a carbide having a grain size of
SMGWBWbmmmd
the surface. Such a steel part is produced by camrying
outmmn'ﬁngorwmmmwmaoas
mprecmateodremdz__ AN, usmguilmgmperme-
ating from the surface and by carrying out quenching or

. quenchingftempering, starting from a temperatwe

region where the parent phase is austenite
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Description
Technical Field

[0001] mmmmmmmmemmmmm methods thereof.
mmmmmMMmmmdasmMmmMmmmm
wmhﬁgnsuwhuﬂmresismmemmnuesdwﬁdnmerdﬁngms(eg..gearsandbearings).me
races of a rolling member and cam components.

Background Art

[o002)] hmmMWm“MmWwWWth&hm
mmmmmmmmmmmmmmmm
mmmmmmmmmmmm

[0003] @mmwbwmiedhgmmwwaspmmth
mmmmwmmamummmmmam-
mMswh:ﬁaﬁmuMmkﬂdymﬁdngmhhadeMWm
m;mammw&mmwmmmwmmmmmsmmm
mﬂsMbMWWMBWAW-MMhMmEMM
amwmwwmmgmbwmmmmmmmmm
mwmmmmwmmmmmmwmmm
to the steel.

[0004] There has been reported a method in which a high density cementite phase is precipitated on the surtace of
pressure strength.

[0005]) Mhsabobmmﬁdamdmdmmm&hisdeswmmduwMemd
immammﬂnmﬁmdd@uﬁmemamMMMiMmam
point.

[0006] mmmammmwmmewbwﬁmwmmmwm
mwﬁmmmmmmmmommmmmmﬁmﬂnmmm
is known as an attempt 1o increase surface hardness and to restrict a decrease in hardness due to exothermic reaction
mwmmmmmmmmmmmwm)mmmmm-
immummmmm.hmmw;m.mmmm
mm:mmdummmmmmmamwﬂmmmmmar
hwdwemwmiumshwmmminawmhmmdmm
ammmmmmmmmmmmmmamm
mmmmmmmmhmmwmmbe
mmmmdmmaammmmdananam”

Mo entails a considerable increase in the production costs of steel materials. .
[0007] A known method, in which intensive shot peening is applied to the surface of a carburized article to aliow the
mmammm@eshmmmmmmmmma
mammmmmmwmmmmmmmwmsm
Mwmmmmmmmymmhmmmm
MM&MW%»&MWMM(MM&MW&MMG&M
mmmmmm%nuwmdmmmummmwunmmb
mummmmmhmmmmmmmismmmm
orgears.adbhamuhmﬂmﬂiemﬂuhﬁpdmmwesaswlashewesmdmm
rmmmmmmmmmmmmmmhmm
tors, which results in a decrease in surface pressure strength on the contrary.

[0003] Mbamﬁmambaﬂmbmmamwmmh
whicharﬁghdamilydoanameplaseisprecbimedmﬂnmhcehyerofﬁnegearbycalburizinginadiﬁeremmn-
nef.thammmmaaMamsmmmnywmmamm&
cbiﬁﬁonéniawbmemedmuedmassunhmmmsmmﬁndydw.
memmmmbmwmmammm.mﬂwmm
mﬁebwwmmmmmmmwmmism@msﬁ
mmeiystowmsowiheaggunuaﬁmofmlﬁteisikaIytoWWanodremelylargescalsofpreebimﬁon
wmnnmmammwmsdmwammm
mmmmmmmmmmmm.nmbmmiswiwwmm-
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ture of gears, the strength of the dedendum will be decreased.
[0009] Attempts have been made to fine cementite and prevent the cementite aggiomeration by an improved high car-
bon carburization process or by a choice: of adequate: alloy elements for use in steel. For instance, Japanese Patent
Publication (KOKAI) Gazette No. 4- 160135 (1992) discloses a method according to which the concentration of Cr is
increased to 2 to 8 wt%, one or more elements selected from the group corsisting of 0.5 to 4 wi% Ni, 0.01 10 0.5 wi%
Nb, 0.1 to 2wit% V, and 0.05 to 1 wi% Mo are added, and the sstace carbon content after carburization is increased to
2.0 wt% or more, whereby the carbides and carbonitrides of V and Cr of 5 um or less are precipitated in the region
extending from the suriace to a depth of 150 pm below the sinface. This method is, however, costly, because of the
addition ot large amounts of Cr for the purpose of facilitating cementite precipitation during a carburizing phase and the
addition of V for the purpose of restraining the agglomerafion/grow of precipilated cementite. Additionally, the concen-
trafion of Cr, V, Mo, Mn and the like in the precipitated cementite causes a decrease in the concentration of these afloy
elements in the parent phase of austenitn, which. leads to. formation of an.imperfect quenched layer due to a lack of
quenching ability after carburization. in order to prevent the formation of an imperfect quenched layer, Ni, which hardly
concentrates in a carbide, is added and, in consequence, the material becomes more expensive:
f0010] Japanese Patent Publication (IKOKAI) Gazelte No. 8-120438(1996) discloses a method and material for
restraining formation of an impesfect quenched layer in & quenching process while employing less expensive alloy
designs. In this publication, surface carbon content is established at 1.5 wt% or less in order to prevent the grow and
agglomeration of precipitated carbides having grain size exceeding 5 um. Since the oplimum carbon content is 1.5wi%
or less, the amount of precipitated carbides is rather smafl, that is, approximately 796 by volume or less. In addition, per-
meating ritrogen: is not effectively ulilized in precipitating casbides or carbonitrides but is mostly dissolved in the parent
phase ot austenite to be ulikzed only for preventing formation of an imperfact quenched layer during quenching.
[0011] The method disciosed in the publication 8-120438, however, reveals the following disadvantages. The method
of the publication does not precipitate a large amount of a carbide (cementite) ike the conventional high carbon carbu-
rization process. Therefore, this method cannot be expected 1o have improved surface pressure strength which is attrib-
utable to improvements in hardness and in tempering-softening resistance owing to a large amount of cementite
precipitation. in other words, the formation of an imperfact quenched layer, which is due to the concentration of a large
amount of quench promoting elements such as Cr and Mo in cementite and a lack of these elements concentrated in
the parent phase of austenite, is preventad at the cost of a small amount of cementite precipitation. With this amange-
ment, the method intends 10 male a batance between surface pressure strength and rotary bending fatigue strength,
but in reality, it fails to ensure satistactory surface pressure strength. A method similar to the method of the above pub-
lication is disclosed in Japanese Patent Publication: (KOKAI) Gazette No. 8-3720. According to No. 8-3720, a large
amount of cementite is precipitated, while Ni which is liely to exchude cementite and:promotes quenching and Mo
mmmmmawewunnmmmmmmmmnm
amounts in order to ensure quenching properties.
[0012} mmdMWMWasmhwydmmeBMmmm
in order to ensure long rolling fife. To produce such clean steel, a steel material undergnes sufficient degassing at the
reducing inclusions such as addes, nitrides and sulfides. It has been reported that:miling fife can be increased by
approximately 10 times by use of a highly dean bearing steel in which the quantily of-iaghssions such. as cxides and
suffides of 10 to 20 pm is reduced. Low-carbon steel for machine siructural use, which:is.generally used in production
of ordinary gears, does not ensire sufficient cleanness. Moreover, even if highly clean ilasl for machine structural use
could be produced, its production cost would be extremely high. Therelore, there reiniiiis a noed for the development
ammmmsmammmmmhmmm
same inclusion level as that of currently manutachured steel for machine struchwalwseis used. -
[0013] Emﬁhwﬂydﬂmwhﬁnamdmummwsﬁdiemmmm
starting from its contact surface, because of dust included in a lubricating oll, wear powder, and the lilke. For producing
mmmmmnsmmmammmmwwmm
contamination.
[0014] The present invention has been directed 10 overcoming the foregoing problems and the primary object of the
invention is therefore to provide high suriace pressure resistant steel parts and their producing methods, the steel parts
meeting the trend toward high sirength and compaciness and being suited for use as gears, cams and bearings which
mmnwmmemmmwummmmmmmmmm
ing movement accompanied with slipping.

Disdmofﬂpirwenﬁon

N

[0015] The above object can be accomplished by a high surface pressure resistant stee! part acconding to the inven-

tion. This steel part contains at least one of fine nitrides, carbides and carbonitrides, which is dispersed in a surface
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Memuhasmmmﬁmofamnahs&mtﬂbunuﬁm‘sﬁmmaimmmsimasa
parent phase which is finely divided into pieces by the disperseit substance.

[0016] Mwﬁrqbﬂnmmﬂtaasmwammmuahwmhuumnmmm
the method comprising the steps of:

MuﬁmadmusedmmmaﬂmmﬁmogmbMWﬁanambym
or more treatments selected from carburization, AR i

dlycmlingimmﬂ\eammtumuahn mgmtlﬂ |
[0017] mammwﬂnmﬁmMnummmmmmmmaﬂeaamw-

. . ; ’ . i u..r ¥ P » oy w b i g
dmﬂyﬁmNNnmmmdosmﬁmm&mWa;medwmmﬁsdmby
Mmmsmz4mmmmmbymn)bymdm ichiisp

" mmduweammemm

- austenite. RMMWMNMW&MNMMWMMM&&-

tance from the surtace to the position where the masiifnum shearing stress occurs. The maximum shearing siress is
generated by the maximum contact pressure (i.e., Hest¥’s contact pressure) exarted on the rolling contact surface of an
article to be produced. Generally, the penetration depih of nilrogen is 1 mm or less and more preferably 0.5 mm or less
in view of economical carburization/carbonitriding and economical carbonitriding.

[0019] As noted earfier, most of the corventional technicuies aim at highhardness and improved tempering-softening
rmhmdemmhmdmmmmmmwM
mmmmmwmﬂnmmmmmmmmbemm
{rom spreading.

{0020] " The invention is not only intended to improve the prior art in terms of prevention of an occurrence of surface
aadmeabommeMﬂnﬁupﬂldeamﬂaﬂmﬂMmaWﬁm
after it kas ocaurred at the surface. After observation of the spreading route of cracking, it has been found that cracking
spreading along lenticular martensite or lath martenciie is an important factor for the development of a reinforcement
mechanism, apart from cracking spreading along the defects of a material (the defects include: inclusions and carbide-
aggregations contained in a material; a.grain boundary axidation layer formed at the stage of carburization or carburi-
zation/carbonitriding; large cementite parficles and their aggregations; an-imperfect quenched layer formed at the stage
of quenching; previous austenite grain boundaries caused by segregation or quenching cracks). A lenticular martensite
wmmmmwwmeQsmMaMammbmdm
and residual austenite particlec of low hardness are present around a martensite particle, causing a situation in which
a stress s likaly to concentrate. Therefore, fining of the martensite is considered to be important. However, even if
austenite crystal grains are fined with the intention of fining martensite (which is a measure usually taken), the size of
the martensite after fining is imited 10 about a few sm, and thus, this measure has been found o be unsatistactory as
an improved reinforcement measure. According 10 the invention, 1 1o 15% by volume of a nitride and/or carbonitride,
which takes the form of spheres, rods or needies and most pesticies of which have a size of 0.1 um or less, is so dis-
persed in high concentraion as to penetrate into the mertensite particles whereby the width of a martensite particle can
be considerably reduced to about 1 um or less. By virtue of the presence of a nitride and/or carbonitride serving as an
obstacle, the martensite parfides are bent or curved, structurally changing from a simple lenticular configuration to a -
fine disordered configuration. The inventionthus exerts resistance to a spread of cracking. The above arrangement also
rmmdhammmdmmmmmmmmm when a
mamwmmmmmmmmnsmmm
fine, disordered martensite. It is conceivable that such transformation has the effect of causing a substantial decrease
in stress concentration which occurs when large lenticular martensite particies coliide with one another. Such transfor-
mation also miligates the concentration of tensile residual stress in the residual austenite existing around the lenticular
martensite, which, conceivably, has the eflect of preventing a spread of cracking along the martensite.

[0021] As the dispersed substance, a precipitated substance much finer than the previously disclosed cementite is
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necessary (it shouk! be.noted, as shown in Photograph 1 (desabe:ilater).f‘iringofmrtensiteishardyadievedby

cementite precipitation). Therefore, the invention is arranged to chietly precipitate a fine Al nitride through carbonitrid-
ing. The Al nitride has the following characteristics. It has markedly fittle solid solubility with respect to the parent phase
mmmmmsmwmmmmwumammmm
paruuptme(ﬂﬁsnmmmeNnihidemnbemeshuymedﬁmdﬂmwnenﬁb). Additionally, it does not
mmmmmmmm.mamnmm@mwmmmm
growing speed of cementite which starts to grow at the same time that Al nitride precipitation starts. The precipitation:-
of the Al nitride is not a factor of substantially impairing the quenching characteristics of steel.

[0022] mmma;mmmmwmmmsm.mmw

Mmmmmmmmwmwmmmmmmmmusmemm
mm-wammmmmmmmmaummmimﬁmummm
wugmmummmmmaammmummﬁmmwm-
zation o ensure high surface hardness.

[0023] mmmw-mwﬁmmmmhmmmmmmm
mdamnmmmtmmmm.md.Onmsomerham.inmoasedﬁgmmsted
mmmmMasﬁmasmm.MMhmmmanbem
wmammwmmamnwchmmehmmm.m
ocar.Itwilbemderstnod‘ﬂntMabearhg-stsdanhasSU.ﬂmsastmchre-hwﬁdlwuhtedmﬁte
having an average grain size of 0.3 10 1.0 nm is dispersed in-an amount of about 1 1o 2:5% by volume, the configuration
of the martensite in the quenched structre is lenticular and therefore the improvement such as achieved by the mar-
mmammmummmmwmmdmm
[0024) mmammmmummmwmmmwmm
PatamPlblicaﬁmomnvm.&lmaa)babstanﬁanyeqlivalmbﬂmtdabwi\gaadmasswzin-.terms
mmmmmdwmnhmmuemmmmmdmm .
blmmmm&dmdhmm-m8-120438diﬁashunbeaﬁngmdinmeaaﬁﬁmof
MMVdoesmhveaMiﬁmwhwﬁu:aﬁdemrmerhbﬂw&umv
canbedhsdvedhmm:pbmn.zswmaa-mmmamdeC(mmmm
peratre). VC does not precipitate in a stbetantial amount but most of V is dissolved in.cementits. In a case where Vis
wmmmdfum#ﬁhhmmwfhmmmabouto.smvisalmady
uedﬁmdmavcmmmn»mmu.ommvammmmmmm
amomt(i.a.OQMdV%W-bmwammMg-mmmMmm

: Mdavcwmebmamwmmsmmmmmmdﬁmmmm-

ite disclosed in the embodiment of the invention.

[0025] As a measure of lessening the stress concentration occurring when the inclusions of the steel or dust included
in a lubricant is entangled, the known technique of adjusting the amount of residual austenite is combined with the
above-described technique: of the invention. In view of the fact that the roller pitting fife of the steel drops, when shot
mhmn‘mmudumsdmmmmmmmmumw
Mmmdm-MhhmmbmwwwW%bymthem‘ofredwal

austenite is establiched at 20% by volume or more and the upper limit of residual austenite is generally established at

0% by volume. If the amount of residual austenite is 80% by volume or more, wear resistance will decrease. It should
mmmmmmummsmmmm

[0026] The quantitative conirol for residual austenite is canried out by controfling carbon potential and nitrogen poten-
wammdmumﬁmhmmmmmm.amwm
mmmsmumuam-wmmasmmiswmum
bMMWMMbMWaWW%MMNWMGNQﬁ-
mization of the surface hardness of steel.

{00271 Toaﬁnammmmmmmmmmmmmmsm
lishedmoamaommmmammhmmbgmu-ssubishedatoAma.swm
Whmmﬁmmmﬂ»mmmemammm),mmwemamms
0.7 to 1.7 wi%.

[0028) Rhasbemcuﬁmedﬂatwﬂhﬂhmafozm%mmmeabw&dmibedﬁﬁngeﬁectonmar—
temiteaswellasmimmthmheemmsﬂmghmbeadﬁevad.ﬂwminﬁdmeammdmis
not strictly Emited, but is generally 3 wi% or more and preferably 0.5 to 2w1% in view of the fact that addition of Al in
mmsdwmummpmaammmmmmdmmmmddmmm
mmmmmwmsmwnydmm. :

[0029] Although the nitride dispersing eflect observed in addition of Al may be expected by addition of V, the substan-
wmavmmmmbozmmeammmwﬁmmemmasmmw
addiliondALTMsbddmeiwlﬁonunybemnedtownhinawbide(cememite)predpimadonitswmoein



EPO‘950?23_A1‘
mmmbmmwmhmmmmpmewwmmmmmmm
andanamedboaﬂnhosmwﬁmmozb1nwl%~waMprpmofuﬁmﬁngtheaveragegminsize
dﬂnwmﬁmwmammamnahssmuwymﬁmmmzdhﬁguswdwmﬂnm

- ofthe carbide. It is more preferable to employ these armangements in combination with. addition of Al

5 [0030] h»mMﬂmnﬁnmda&ﬁthbMMﬂﬁmdaﬁtﬁeMﬁ@ﬁhswﬁm
wesaﬂmﬁnﬂlhce.ﬂnw&ﬁdﬁsafwﬁ%mmmmnﬁmﬁghmemmmat1.1oo_°C
(this is normal temperature) is caried out. Taking the cost into account, the upper limit of V is established at 2 wi% in
[0031] &t is known that an Al nitride and/or Al carbonitride is most finely precipitated on the outermost surface and its

10 mmmmymmﬁmmﬂwmuammmmhmhm.m}m
nitrtogen &t a temperature of 900°C or less, the average grain size is 0.3 um or less in the region extending. from the
surface 1o a depth of 0.5 mm below the surface. Generally, shearing siress generated by contact siress is maximum in
ummvmmmmmamdosmmmmmmmmmmm
bmmmmmmwum-mmmnbmmaamm-

15 mnmmammsmmrommmmdmmmmmm
which nitrogen is permeated is preferably 800 1o 850°C. : ‘

[0032] ﬂwﬂ-b&uﬂaﬁwﬂ%ﬁmﬂnmmMWMMmW
M‘WMhMmMﬁnNMMNMbMW“M
mm»ammmmwmmmhmmm

[0033} mmlsitaisdvidedbyﬂnﬁnﬂrﬂridemnmmasblma&grahlmgthotabom1
pminMovit:irlity-of«tm-wmnmst.mmmm-b.wﬁwﬂmmm&mw-wm
Such martensite is thought to have a significant eflect of preventing. cracking due to fatigue in the surface region.
[0034] mmmmmm&mmmmmmwm:m,mmgk
estahlishedatm\laaﬂo.swmotmhuderm-mhmImdness.wtﬂahsriﬂngmoommhaﬁmiseﬂab—

25 Iishedato.4wl'!,orumhudermmmemmofmsidtmamailammwvohnmame.m&mlinﬂ
of nitrogen content is allowed to vary according to the maximum value of Al concentration and established at 2.5 wi%t,
alesshadwbuﬁswnmmdms‘dﬂmﬂebibmmﬁmis.w%byvolune.meprduable
armnolmmgmiso.rlewrbﬁmmﬂamm-mgsdﬂmm.mmCamﬁbmdpi-
tation increases as carbon content increases after carbon content exceeds 1.1 wi%. The average grain size of cement-

30 mmmw-a-mhmmmmwmwmmedmmmm
mmmmamhmmwmmmmmm:MMmmmm
volume, the upper limit of carbon content is established-at-3.0 wt%. It should be noted that it the carbon céffent & 3.0
wi% or more, it becomes difficult to prevent the agglomeration of cementita particies even by addition of Cr and V and

-] aammmdmwwmmwmumm

" [0035] Forfine cementite precipitation, it is necessary 1o add Cr in an amount of 0.5 wi% or more. An addition of V in
an amount of 0.2 wi% or more in combination with a Cr 3 ive, because of the influence of the alloy
dmuﬂmﬁngﬁnsbdmmhﬁnmmm.Mwem.mmm
which is more Ekely to-concentrate in cementite gt the precipitating makesihecenuﬁb:ﬁm(i.e.,me

40 the conceniration of an alloy element in cementite /the concentration of an element in the austenite parent phase
=m-wMMdemsmﬂdybmhmm‘hmmm
dmmmmmhh‘mmmamedbydm.Ofmealoy-elemmts
an.mmumummm&wvmamemﬁmmm'm
they have the strong eflect of fining cementite. {According 1o the survey fiiide by the inventors. at a temperatire of - -

'3 mmmmmaoke«mmmmmvmz&mmm
KMnoani;m.mcmmathMoisM.mmmmmmKNid-Niiso.zz.)Alhas
mwnmm-mbm=w-mmmWMmmdmm.m
m;mmm&kmmnmummmmmmﬂmmam-
ite particies. Therefore, in cases where, a large amount of Al is added fike the invention, it works effectively. Precipitation

50 dmm:hmmmwmmmmwminmemmm»
mﬁnghemﬁmdﬂuﬂpmneaﬁmnﬁogmbpwﬁhtemNMWmeWaAmﬁmmme
wnugﬁcreﬁeccdwwﬂ&pmstmemMWwaﬂﬁnﬁdmmd&
is 5 wi% or less in view of the balance betwesn quenching: characteristics and cost. S
[0036] The steel for machine struchural use employed in the invention contains Al as an essential element and further

55 - ma'w«emmmvm&Toaminsha\gmmmemofﬁ\ehimmprmresist-
ant part, other elements shouid be added in the following ranges.

00371 .c&mmmummmwbmmwuawmum
needs to have a carbon concentration of about 0.1 to 0.5 wi%. Bearing steel, to which carburization treatment is not
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applied when it is a finished product, generally.contains carbon in an-amount up to 1.2 wi% and undergoes:the sphe-
roidizing treatment. if carbon.content exceeds 1.2 wis, the agglomeration of cementite is promoted by spheroidizing of
cementite, so that the desired:rolling ke cannot be.expected. For.the.above reasons, the carbon:content: of the steel
material used in the invention is preferably established at 0.1 to 1.2 wi%.

[0038] Generally, &smmwﬁmmwmnmmmozm&swwmny

- asan elementfor enhancing tempering-softening resistance, and in such a case, the amount of Si is. 1 wi%.or less. Si
.canbemlpectadm#wdeammmsiwﬁmgaﬁedmmdmﬂwﬂ Mﬁpmmtesgrmnbunﬂmymdaﬁm

mmmmmmmmmm&bmwmm1m«m
[0039) mumuommwmwmmmmsmmm
tion/carbonitriding and/or. carbonitriding. 1t is preferred for the invention toiuse them in amounts:withiin the it
mmwmnmummmm(mmmsovm1Sw&.N\aovw-t.wm. Ao
1.0wl%.manumsofbmun) )
[0040]) mﬁmzmmnmmummmmmmmammmme'
mnsmmmmmmmmmmmmwmmwmasam
mmnmmmdaﬁsMMmeWMhmm-

itric Thexek _{mmwbbeadﬁedhlugémzbhud&mmmnﬁm reaclngwmpemaaﬁng.
nitrogen, wichcoet Wﬂ'ﬂh mmmmmmwmmm@smmmm
aysldgansx_i : ¥

040

mmmammmmmwrﬁmmmmmmmmwa
physical or thermal means such-as-the-above-noted shyt[sening or subzero treatment. The.rolling life of steel having
WMMWMMW volume or less by shot peening, tends to vary sig-
Mymmdmmﬁmwmxmmmmmmmhm ltwas
also-observed that the curtace pressure sirength of steef tends 1o be stable by the presence of residisal austeriteinan: -
amount of 20% by volume or more. If 80% by volume: of residual austenite is present, wear in: the rolling surtace
progresses at such:a rate that the rolling.curiace is worn out earfier than the rollinglife-and the strface hardness of the

mmmmmmmmmmmsmmmwmmmm

region extending from the outermost surface 10 a depth: of 50 ym below the surtace - and:20: to 80% by-volume in-the -
region extending from the surface to adepthof 0.5nm.

[0043] The carburization, carburization/carboniiriding and/or carhonitriding treatment of the invention is carried out in
the following way. After carburization is once performed.at S00°C or more, temperature is decreased to about 850 °C.
mammkwmmﬁ?mmmmms
carmried out without decarburization or by carburization. An altemative treatment is as follows. After carburization: has
been caried out ata high temperature ranging from 930°C to 1 »100°C to cbtain surtace carbon content within the range
of from 1.1-wi%t to: about: 2 wi%, 'smmmmmmmeabsswmms
changed to bainite, amthMbeMwMWormmﬂMﬂem
MMMWWWQWJWMWMMsM
Mmh%ﬁnumhwﬁmﬂﬁmaﬁmﬂn%ﬁsmm
mmamwwsmahbbsmtoaommMemroganmmsnndembemtoz.sm
with which the amount of cementite does pot exceed 30% by volume. -
[0044] The cartwsizationtCarbonitriding andior carbonitriding of the invention is not mited to a particular method. The
mmmsmmwm«gasmmmbeadw Alternatively, carburiza-
m«MWMMstMewmmee
employed. In any cases, processing time may be adjusted 50 as to meet the above-described carburization/carbonitrid-
ing or carbonitriding conditions.

[0045} hMWMWM%MWWWm&eM@M@W&&
wammmmmmmmpmwmmmmm
Mmhasmmvm»wmmdmmmmmmmwm
precipitated nitride or casbonilride is formed in the parent phase.in order to restrict the occurrence and spread of crack-
ing due to fatigue in the vicinity of the surface when the resultant article is in rolling operation. Accordingly, the surface
pressuse strength of the part fos use in high surface pressure applications can be dramatically increased.

[0046] Inaddition, a nifride and/or carbonitride containing Al as a chief component is used as the dispersed substance
for effectively dividing and fining the lenticular martensite. By the use of Al, the precipitate can be exiremely fined. Al is
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mmmmmmmmmmwmammﬁnmmm inform-
mmmnmmmmmmmm In addition o the
mm&mnmmmmmmwmmwﬁmmm
mmmmmm.wm&mvwmmwmmam
amount offine cementite having a size of 3 um or less at the surtace of the material.

quenching is camriad out to harden the carburization-carhonitrided/carbonitrided part so that ahare layer, s which mar-
ms’ﬁawmmMmmwmmwm
has superior pitiing resistance. Quenching preférably starts fiom a tempemture equal to_or higher than the A; point
transition temperature of steel. Altemnatively, quenching is camied out by reheating

rotary bending fafigue strength.
Brief Description of the Drawings
[00s8]

FIGURE 1 baddeviuldnspednmdaﬁmmmmm-mnwmmmme
ummam.m:ﬁmuwspemwmwumymm :
FIGUHEa(a)andZ(b)zaresideviensoispeﬁnusdamnumllemdahmerdlerlemecﬁvely, these specimens
being prepared according to the embodiment and used for roller pitting tests. o
mumsbmmmwadamhmgﬁwmnbmemmm
no cementite is pracipitated in a carburization phase.
munsusmaphrmdeawmmmmmmmmemwmm

cuwug?mhamm

FiG is-a process diagram of a carbonitriding treatment according to the embodiment. -
FIGURE 6 shows the results of tests for checking the pitting ife of small rollers after undergoing the carburiza-
memmmmwmhmmﬁmsmmmmm
phase. ' )
MURET%mdem.hmﬁnMWmestpmmsW
mnm«momsmdm4m.n.mmgmhmmmmwmmm
FIGURE 8 is high magnification photographs showing the metaflographic structures of Specimens Nos. 6 and 11
mmmmmmmdrm-mmmademonwm

FIGURE 8 is photographs of the metallographic structures of Specimens Nos. 6 and 11 at the surface, showing the
result of a nitrogen analysis by use of EPMA. .
FBUEIOMMM%&WS&MW&MMWM@MDM
cartawization/carbonitriding freatment of the embodiment.

FIGURE 11 mmmmawmmmmmmmmmdm
embodiment in which cementite is precipitated in the carburization phase.
mwzzmmmmmmammwmmmmd
hMﬂWthhMmmmW in the carburiza-
Fleunstsmmmwdmmmmnmmpmismw
Mmummamw&wmmmmmhmmm

[0049] mmbmmmmummmmmresmmmammms
for producing thereof accoriing 1o proferred embodiments of the invention.

[0050] M1m.mmammmbmﬁm&ﬁmwmwmum
purpose of compesison. The carbon contents of these specimens range from 0.2 wi% to 1.1 wi%. A carbon content of
ozmsmw&;mmmedmemmmmugmmmeIi(e.,whileacarbonoomemaf
1.1msmmhmmammmmswzm&awmwad
bear'ngsteel.&ecinevs!h.1b8mmredﬁhﬁnhaﬁmddieddngmeeﬁecisofaﬁiﬁusdmwvm
mmumﬁmmamummumw"asmdmmmmm
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mmmmmmm‘mumummmasmmmums1-ama1=apre
mmmummmwmmmmumMaMmaunw.m
mmmwmwmmmmmmmmwmwmm
mmmma4mamzm.mmmmmmuwm
mz@kwwmm%mmmmmmmmmms
adjusted by controliing the fiow rate of ammonia. . )
[0052] mmsMammmmhmwmbmwmmMﬁb
ad‘;sﬁmOpbo.swl%.amlll'len.eabuiﬁﬁngiscaxﬁedunatswc.ﬂﬁsrmnisamngedeoasnotmpre-
wmmmmmwwsmmmﬁumsmmmmm
However, when using steels containing Cr in amounts of 1 wi% or more, there are some cases where a small amount
dm-mmmbﬁsismmm»mm»cp.mdﬁwnydmmmmma
(o.ﬁﬂdwghm(ﬁs(mm-gas)hmﬁi.ﬁﬂsmwhﬁmhasmproblun-hadim
the substantial eflects of Al addiions:. :

0053} m4MamhM-mbﬂb1.4memdebmm
mmrmmmmnnmmmmummmsmwmmm
850°C. : ’

[o0s4] MSMamhmmaamdm&mwmmms
and 12 having carbon content as high as high carbon bearing steel. it should be noted that the tempering treatments
applied to the specimens were all canied out at a temperature of 160°C for two howurs.

[00s5] u'm‘mmmgaamcmm.mmsmmmdmdmoz
mm. : :
wﬁmmmsmmaumamﬁmwmmﬂmmmmw
analytical curves. An Al nitride and/or Al carbonitride which precipitated in the layer close to the surface and the mar-
mmm-ammmmmwmmammmmm
mdﬂmmwmmhmmmammmmm»mmm-
ured after applying electrolytic polishing to the surface. : . . _
[0057] A roler pitting fafigue test was conducted under the following conditions. Each small roller specimen shown in
vaMMWaWWMd&mwmemmwdmemnrollerspeo-
imen was evaluated under the conditions, that is, a revolution speed of 1,050 rpm, a slip rate of 40%, and a surtace
pressure appropriately vasied within the range of from 250 fo 375 kg/mm?. The pitting life of each small roller was eval-
mtedmhbaﬁsdﬂnmrbadmduﬁmsmﬂmpiﬁngdeﬁedisaaaﬁedhhmﬂmﬂmInmerollerpiuing
tests, when no pitting was found within the revolutions of 20-30 x 105 fimes, no more revolution was carried out after
[0058] mmmmwmmlmmmmamwmammmm
fimit of the numbes of revolutions was 20 x 10° imes. ,

f0058] FIGURE 6 shows the pitting ke of each small rolier specimen which was carburized and carbonitrided under
the conditions shown in FIGURE 8. The lower imit of the variation of pitting life is represented by dashed line in FIGURE
smmmammmaw-msmnmmmmu'nswmm
Noe. 1, 4, 5, 6, 7 and 8 which contain Al in amounts of 0.3 wi% or more that pitting life increases as the amount of Al
increases. Especially Specimens Nos. 4 and 6, which contain Al in.amounts of about T wi%e, exchibited such high surlace
WMMmmmmmmaummmﬂmmmndm
WMkmmmm-Whmmmmdbudmmd
Al can be admitied even in Specimen No. 5 which contains 0.31 wi%% Al. Specimen No. 7 containing 2.58 wit. Al exhib-
its a shortes pitting ke than Specimens Noe. 4 and 6 for the following reason. While Specimens Nos. 4 and 6 have a
nitropen carbonitriding depth of 0.2 mm, Specimen No. 7 processed under the conditions shown in FIGURE 3 has less
permesating depth which varies within the range of from 0.65 10 0.12 mm since the carburizing time for it was insufficient.
mmnaasmamnnumbehmbymﬁumﬁmdmmwc.mmmz
which contains substantially no Al but contains 0.42 wt% V, the effect of addition of V can be slightly admitted, but this
m&mmmmumammnbmmmmmmmsmm
ing 2.85 wt% Cr was not improved in pitting fife that the effect of addition of Cr is not important and Cr does not react
mmmmmwﬁgmmmmmMMsm
[0060] m7mummwmammsmnmmm
their respective surfaces. Specimen No. 6 is a representative steel containing Al whereas Specimen No. 11 is its com-
parative material. As seen from FIGURE 7, extremely fine martensite is precipitated in the region near the outermost
surtace in Specimen No. 6, and the average length of the martensite particles is about 1 um or less. The martensite of
mms.msmawumaduwmwmmmbmmumdm_
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exiremely fine Mmdsmmmmmwmmmmmmm

figuration of martensite. FIGURE 8 shows. high-magpification photographs showing the metaliographic struchres of

Specimens Nos. 6.and 11 at the regions extending from the respeciive outermost surfaces 1o a deplh of 100 um below

the sarfaces. ltis seen from FIGURE 8 that the martensite of Specimen No. 6 includes uniformiy dispersed an Al nitride

having an average grain size 0f 0.8 pm or less and the martensite is finely divided into pieces having a width of about

1 pm-or less by thefine Al nitride and/or Al carbonitride, forming a disordered martensite configuration. Although a small

amount of cgmentite having a grain size of about 0.1.1p §.2 pm is precipitated in the comparative material of Specimen

No. T1, the martensitic structure of this material is substantially lenticular martensite having significant linearity. Obvi-

ously, the dispersion of cementite having the above size level does not have the effect of fining martensite. It is cbserved

in Specimen No. 6 that, mmmmmaMemmaNmummmmm .
cles having a shape of fiber (rod)-is precipitated on the surtace and the .diameter of these nitrides: and/or. carbonitride.

parficies is 0.3 ym or less. One of the features of the invention resides in such: a short fiber-iilse precipitation form which

has strengthening eflects. ‘

[0061] FIGLIRE 9is photographs of the metaliographic structures of the surfaces of Specimens Nos. 6. and 11, show-

ing the recult of & nitrogen analysis by use of EPMA. The nitrogen concentrations of Specimens Nos. 6 and 11 are 1.2

wi% and 0.7 wi%, respeciively Although:the-surface nitrogen concentrations of the specimens largely vary acconding

to Al concentrations, the:amount of nitrogen changed to AIN is substantially equal to-the amount of nitrogen calcutated:
from the stoichiomelric composition of AIN, mmMNMhasbwmﬂedisaﬂdebNN.Spea-

men: No: 6 contains the desired amount of carbon.

[0062] ithas been confimed by the: X-ray analysis that the amounts of residual austenite at the respeciive surface

layers of Specimens Nos. 6 and: 11 substantially fall in the range of from 40.t0. 60% by volume. Regarding the amount
of residual austesiite in the region exdending from the outermost surtace to a depth of 20 um, Specimen:No. 6 containing
Al surpasses Specimen:No. 11 by an amount of aboit:12% by volume. As-a- whole, the amount ot residual:austeriitein
& stnuchure quenched after the carburization/carbonitriding: process is highly dependent on the amount of permeated

‘nitrogen; and it is confirmed: that all of the specimens prepared according: to the: embodiment contain nitrogen in

amounts of 30% by volume ormore.

[0063] To observe the influence of a carhonitrided surface portion created by quenching after the carburization/car-
bonilriding process on the roller pitting e of sioel, the region extending from the surtace to adepth of 0.10 mmandthe
region extending from the surface to & depth of 0.15 mm were respectively removed from the carbonitrided portion (0.2
mm) of Specimen No. 6 whichy had undergone the carburization/carbonitriding: process, and pitting was checked. FIG-
URE 10 shows the-pitting result. Further, shot peening was applied to the surface layer of Specimen No. 6 with anarc
mdoammmmammmmmmmmuxThepmmgresunomns
case is also chownin FIGURE 10.

[oosq it has been found that as the, amount of removal of the carbonitrided layer increased, pﬂhngﬁfamrkadly
decreased, and finally, the pitling. strength of Specimen No. 6 became substantially equal to that of the comparative
material which: had undergone the cartwrizaion/carbonitriding process in which the Al nitride having the effect of fining
martensite was not precipitated. It has been also found that the reduction in the amount of residual austenite by shot
peening decreases the pitting e of, particularly, a steel subjected to the maximum suriace pressure (Le., 375 kg/mm?)
of the present embodiment, but the adverse effect of shot peening is not as significant as the adverse effect of the
removal of the casbonitrided layer. it is well known that shot peening has the good eflect of markedly hardening the sur-
face of steel and creating:-high compressive residual stress and is also expected to increase pitting strength, wear
resistance and bending fatigue strength. Hence, itis preferable to ufiize shot peening to such an extent that the amount
of residual austenite at the surface does not decrease 1o-about 20% by volume or less.

-[006S] FIGURE 11 shows the pitiing e of small roller specimens Nos. 2, 8, 4, 6 and 11 which underwent the carbu-

rization/carbonilriding process in which cementite was positively precipitated by permeating a high densily of carbon
under the condiions shown in FIGURE 4. FIGURE 11 also shows the pitting ife of Specimens Nos. 8 and 12 ofbearing
steel materials having a high density of carbon and cementite which is originally precipitated therein. These specimens
underwent the carbonitiiding process shown in FIGURE 5. The pitting Kfe lower kmit fine indicated by dashed: fine-in
FIGURE 6 is.also shown as a reference for pitting. life evaluationin FIGURE 11.

[0066] It has beenfound that, generally, the pitting ke of the comparative materials can be improved to a considerable
extent by precipRation of cementite having & grain size of S5um or less, and a further improvement in pitting. life canbe
achieved by addition of Al. The effects of cementite precipitation and Al nitride precipitation-for fining mertensite canbe
distinctly confiemed by, for instance, the comparisons between the Efe of Specimens Nos. 3 and 4 and between the life -
dmmsmtzmmmammnmmemmmddwsdmmwemmw
precipitation cagried out in the invention have been confimed.

[0067] mmasmnmmmmwmmwmmmwuamm
cementite having an average grain size of 2 to 5 um is precipitated. Specimens Nos. 3 and 4 have surface carbon con-
tents ranping from 2.3 to 2.6 wi% and a structure where cementite having an average grain size of 1.510 2.5 pmiis pre-

1



10

5

_ EPOGS0723A1 .

[0068] Cementite in Specimen No. 11 (SCM420H comparative material) has a grain size of 5 um and cementite in

'WMSMammdzsmAsmmdgﬁnmmm&edwm

decreases, which is consistent with the previous report. Finer cementite was cbserved in steels to which Al was added.
nﬂlmwm.mmmmbmmmmmmnMdmmwmmm
meﬂeastnmﬁeMmﬁmmmemmmmMpﬂﬁmmemmM.
[0069] ansmmmmqbuummwmdmmsmumwmmm
treatment shown in FIGURE 3. memmmmwmbmmmm
layer (0.2 m)dWMﬁMmmemmme-mmemﬁQMdm
ing stress present at the surface. However, it is understood from the results shown in FIGURE 12 that there.is no need
to worry about such: sivess: concentration. TIis'isbecmseﬂnpmdmsdAlrﬁtHeismmndym"hamg agrain
muosmwmm&mmmmmmmmammmmmm
apphied with an arc height of 0.9 and the substantially same eflect of Specimen No. 11 canbe observed from it. As seen
mmmmmmmmmmvaWMammmm
is applied:to the surface. The above effect can be also seen in the comparison of the rotary bending fatigue strengths
of Specimens Nos. 8 and 11 MM'bmmmehFMHESWM

{0070} FIGUHEmm‘amdmmmmwu:wsdmm3.4.6‘,.andt1-b
Mﬂmﬂmnm'ummdFmRE4wasquAsmmmm-Mﬁmmmgaha’zaof
about Spm is precipitated on the swurface of Specimen No. 11 while the cementite precipitated in Specimen:No. 6 has
an average grain size of about 2 um . The rotary bending fatigue strength of Specimen No. 11 is.about 109%. lower than
ﬁmedﬂ»mdsmm%mmbwmm&mymmhmbthNu
6 in which the grain size of cementite is restricted 10 about 2 um by an addition of Al In.view of this, it is proferable to
applya-lhamall:aalmettso-astoresﬂi:t-iheavamgainsiudwnunﬂetoa.um=ulesswhan i
cementite on the surface. FIGURE 13 aiso shows the fatigue strengths.of Specimens Nos. 6.and 17 for rotary bending
mm‘maﬁmmwtmmmmmwmhgwﬂhmmhdgmmoaSpeeinmNo. 1"
mmmhmmmmmndammmmmmm
while Spedm-msm-hemﬁbmvmmsdﬁnedaﬁmﬁmmm As seen
fmmﬂismsm.Risinpuun.hmmebmhmmﬁndmmamuhﬁ.
but it is more imporiant 10 eiminate cementite agglomeration. FIGURE 13 further shows the rotary bending tatigue
Md&eﬁwsm.am4bmmmmmofHGUHE4mwwltismenﬁurn:ﬂﬁsfigure
Mamwtmmemmd'wnuﬂehm-m3andé4isammd$%byvolmae..taﬁguemwan-be
paumdﬁmrumﬂwymwmeanuﬁbwﬁdesmasbmm-ﬁzsdasumm 15 pm,
respectively. Hence, mmwvmuwmmammwmm
cementite, on condition that the amount of cementite is up to about 309 by volume. it should, however, be noted that
mmmmmﬁmmwmnaamemdthybw
mmmmsmMawmhmmw»mwm
[0071}1 nbMa»MmmmdfhwWNMmbeeﬂmymwmﬂam
wmdﬂwwbaﬁi&umdmhﬁ&lﬂESSbsmamwTomwammm
perature is also desirable for positively precipitating cementite by carburization as shown in FIGURE 4. Practically, itis
preferable to catly out the carburization/carboniriding and carbonitriding treatments at a temperature of 800°C or more.
[0072] mbmmmaﬁnm-masnmumsmmbymmww
mmm&mwmmwmkmmmmmm
mwmm»mwmb-a‘wmOneofmeieahn'esofme.immﬁmmsideshﬂnt
HnMMmbeﬂnmmwmdMMWﬂymmﬂs
Al which do not cause a decrease in rotary bending strength. According to the invention, in the case of a steel in which
mmammmmwmmmmmmmmmd
mmmwmmmnmmmnmmmmmmm
promotes the precipitation of Al nitrides during the carbonitriding process. Incorlsaquence,theaveragelieofmasmel
parts subjected to rolfing fafigue can be remariably raised.

[0073] Hane.mepvesaniwﬁmiswel,wnruseinmemmm:eofgws, cams, bearings, and similar
MWWM%MWWbMMW@MWMWMQM-

- ing or roingrsépping faigue.

Claims

1. AmmmmmmmmmmmeMﬁmnwes.mmm
m%whammwmmmmmmamumwwwamﬁm
mmdMSaMMMhmmmmwmwm
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stance.

A high suriace pressure resistant steel part according 1o claim 1,

wherein the prevalfing grain size of said dispersed substance consisting of a fine nitride and/or carbonitride is 0.3
pm or less and the amount of said dispersed substance consisting of at least one: of fine nitrides and/or carboni-
trides is 1% by volume or more. » '

A high surface pressure resistant steel part according 1o claim 1,
mwmaummhmmmmmmammmm
rized structure, is divided into pieces by a dispersed fine nitride and/or carbonitride having a width 0f 0.3 pmor less,
is mainly composed of fine martensite particles having a width of 1 umorless.andiscomidemt;lydisudered.

A high surface pressure resisiant steel part according to claim 1,
further containing 20 to 80% by volume residual austenite in said multi phase structure.

A high suriace pressure resistant steel part according toclaim 1, A
M.wwﬁhesbmiiymmedd-mmm“mwnmmﬂiswmm
amount up 10 30% by volume. .

A high surface pressure resisiant steel part according o claim 1,
m-hmmmnamm-osmaommm4ma4mzsmmminissmaca

A high suriace pressure resistant steel part according 10 claim 1,
which is formed from a steel containing 0.5 t6 5.0 wi% Cr and 0.2 to 1.0 wt% V, and containing 1.0 to 8.0 wi%, car-
bon in its sistace. . .

A high suriace pressure resistant steel part according 10 claim 1,
having a carbon content of 0.6 to 3.0 wiS. and a nitrogen content of 0.4 10 2.5 wi%.

Ammmmmmmnmmam1m&ummammﬁw@
MMEWbMWWMWMMWWGMMMM
mlbemwdlnowsmmﬂnmdamlmm.mmmmm

Aﬁmmmmmmmhdemsm&mmmiWMeﬂmm
elements such as Si, Mn, Mo, Ni, B, S and P in amounts within normal ranges.

A high suriace precsure resistant steel part according to claim 10, for Use as a power transmitting part which is
Wmmmmwwmmmmﬁmmmmmmm
as gears and bearings, the races of a roliing member, and cam components.

A method of producing & high surface pressive resistant steef part from the steel described in any one of daims 6
to 9, the method comprising the steps of:

mawmmmmmmwmpamﬁmamm
mummmmmmmmm&q;m
mammhsmammwbmwmm@
step, by rapidly cooling from the ausienite temperature region of steel.

Ameﬁndofpmdnhgaﬁmmprmmmmmmeaeddesaibedinanyoneofdaimse
to 9, wherein after allowing casbon to diffusely permeate from a surface by carburization, the steel is once cooled
to a temperature equal 10 or less than the eutectoid transiormation temperature; then, at least a surface layer is
Mbamﬁmmwmdmmdspuwammma
Mm“WWm%MaMmemmmw
mmmmmmwm.mmsmwmhmamm

Aw'dwwﬁmaﬁwmmmmmmmmdaim 12 or 13, which uses a steel
having the alioy composilion described in claim 6, 7 or 9 and a carbon content of no more than 1.2 wi%.

13
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15. Amdpnduimaﬁghmmemmdmm'bm 12 or 13, wherein a physical
mmsmwmbmmmmmmmmrmmm thereby
transiorming & resical austenito phase 10 martensite to adjust the amount of residual austenite:

16. A method of prodhucing a high suriace pressure resistant steel part according to claim 12 or 13, wherein the amount
dmmmmmmammmmmsmwbyume
tained in said nufii phas s is precipitated in an amount of 20 to 80% by volume by rapid cooiing from the

17. Amethod of praidissing a high surface pressure resistant steel part according to claim 16, which uses a steel having
the alloy composiion described in claim 6,7 or 9 and a carbon content of no more than 1.2 wi%.

18. AWWM&MWWWMMWMMW,M&MN—
mms.dm«mbmbmmammmmmmmmmmm
forming a residual austenite phase 10 martensite to adjust the amount of residual austenite.

14
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FIG. 4
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160°C

' AIR COOLING
F=IN

19



EP 0 950 723 A1

;0L

SNOILL3d3Y 40 ¥I8WNN

401 30l <0
| . {52z
\ S

// . . lNB

| N on o INT |

4 ocoradich + Wu/ | 6N M wnu " josz .
A : \ €N 4
N\ : ZON a

/ ION x

152

1123
0s€
6L¢

00%

( ™/2Y) SSIULS LOVINOD WINIXYI

9 'Old



009 ‘Ix

b -4,

.ﬁw. i3
X i g .*..Javﬂ\.a... UL ERA ”mr

L

009 'IX |@HOT

BON

30V4HNS MO38 W77 008 40 HAd3a V

30V-HNS MOTE8 W7 004 40 HLdIA ¥

30vd4HNs

L'Old



T23 A1

EP 0.950

ury i —

000 '01Ix

11 £ Y ——

00¥%x

000 ‘01X

110N

SON

8 'Old




bl

Al

723

(3

1T1O0N

80N

EP0 950

6'9ld



EP 0950 723 A1

g0l

SNOILIL3dTY 40 UIEWNN

WO 0L <Ol
- T S |
// | ] osz
AN
40 :u_*_um.mmhwW/I/ X wwsto : o gz
: N\ o x wWwp) ' e
, // o) 0 'v
hf . ° '\ x 0 iv 00
AN dS TvAaowazy
N\
) S - e { ost
/ .
M % v W V¥V Oe o9 ® o /// i si¢
_ -

( ™ /3Y) SSTULS LOVINOD WNIRIXVIN

0l "Old

.24



EP 0 950 723 A}

o0l

SNOILILIJTY 20 ¥3aWNN

0l o0l g0l
/u ' 1
<
AN ZION 0
" ¢
M-CI% 00 /t 02 v A
\ 4ON v
Zwu AN €N o
gy S0P o // TN & |
© 00 o0 oo //
zeud 20800 \ I
., | \
U
/. -
~.=% ° owwa //
dwu
_ v \ J
et

144

su

s2¢

08¢

Si¢

00%

( %R /2Y) SSULS LOVINOD WNNIXYIN

L 'Old



FIG. 12

EP 0 850 723 A1

g8 3 83§_§§8§§
/

= 0 wq_ SHOT PEENING
\Dm .

SN

- © [ X ?,'J
Sy
f | o\.\o\'-
|« W& NOSHOTS i
s kbé SHOTS
o b1l NOSHOTS
" o BRDSHOTS
50 2 4 s
'04 '[05 ]O‘ 107




EP 0 950 723 A1

FIG. 13

s 3 88838858

8
I




EP 0,950 723 A1

INTERNATIONAL SEARCH REPORT

PCT/JP97/04430

A. CLASSIFICATION OF SUBJBCT MATTER
Int.

c16 c22c38/00, 38/24, C23C8/32, 8/34"
According to Internstionsl Pateat Camification (TPC) or 10 both sationa) classification and IPC .

B. FIELDS SBARCHED

Int.

m—mw(mmmumm)
c16 c22c38/00, 38/24, C23C8/32, 8/34

Jits Shinan
xokagygitsuyo sgggan Koho

Decumeatstion searched sther thes minisus decussstation o the cxient that sech

1 26 - 1996
1971 - 1998

Shinan Koho 1994 - 1998

iacluded ia seasched
Jitsnyo m rokua
Echo 1996 - 1998

Whuﬂ“bm-&(_dhbthﬁd&“-——o

C DOCUMENTS CONSIDERED TO BE RELEVANT

spacial sasen
“0” mm.-ua_-g“-..

‘?"u-m theiatemations) L
& published prierto ing date bus loter than

' Casegory® Citstion of docuseent, with indicstion, whare appsopriate, of the selcvant passages Relevant 1o cleim No.
X |Jp, 8-3720, A (Sumitomo Metal Industries, Ltd.),] 1, 4, 5,
January 9, 1996 {09. 01. 96), 7-11

lclaim 1; page 3, left column, lines 10 to 29
(Pamily: none)
x |3p, 4-88148, A (Kobe Steel, Ltd.), 1, 7-11
March 23, 1992 (23. 03. 92),
Claims 1, 3 (Family: none)
X |JP, 6-17224, A (Xobe Steel, Ltd.), 1, 7-11
January 25, 1994 (25. 01. 94),
Claims 1, S (FPamily: none)
X |Jp, 5-320822, A (Nippon Steel Corp.), 12
‘December 7, 1993 (07. 12. 93), :
Claim 2 (Pamily: none) 4 .
X |[|JP, 7-3393, A (Sumitomo Metal Industries, Ltd.), 12
Janunary 6, 1995 (06. O01. 95),
Claim 2; page 5, left column, lines 37 to 47
(Pamily: none)
[X] Fosherdocemenns e Fased in e contiovstion otBox ¢ [] See patent famity samex.
: stens T d--‘-h'm-qu-uu' m
-y . .
A i ey el inehichiosmenanidernd e princigio s tovary tmdaryieg o ievection
“E -oullerdocsment bt pubiished enerainrho ionmstionsd Silagdate "X~ docomant of particuier selsvency; the cleimed isvestion camnst s
- comsidescd novel ox conast bs comidarad tn lnveive an jeveative
e e it Ty Sy vt on Py chin(s) or which b stup when (he docomant is wkan sloas. -

“Y" documont of velovanse; the claimed iovestion comnt be
“—duﬁ-h‘nq*h“b

comblasd withcnsermers sthersuch
being cbviout ' & parsen skilled in the ant
“&" docuseat member of the same patest family

Dete of the actual compietion of the internstions) sesech
‘March 3, 1998 (03. 03. 98)

Date of mailing of the isternational search report
March 10, 1998 (10. 03. 98)

Name and mailing address of the ISA/ Anthorized officer
Japanese Patent Office
Facaimile No. Telephone No.

Form PCIAISATZID (sccosd sheet) Ualy 1992)




EP ( 950 723 A1

INTERNATIONAL SEARCH REPORT Insernational application No.
PCT/JP97/04430

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Catcgory® mcmmmmmdmwm - Relevant to claim No.

A JP, B-81734, A (Daido Steel Co., Ltd.), ’ l-18
March 26, 1996 (26. 03. 96),
Claim 1 (Family: none)

A |JP, 5-70925, A (Nippon Steel Corp.), 1 -18
fMarch 23, 1993 (23. 03. 93),
Claim 1 (Pamily: none)

A [P, 2-277764, A (NSK Ltd.), 1-18
November 14, 1990 (14. 11. 90),
Claim 3 & DS, 5030017, A & GB, 2235212, Al

Form PCT/ISA/210 (comtimeation of second sheet) (July 1992)



	2007-04-17 Foreign Reference

